Supporting Information
The azide functionalized gem-diethylisoindoline spin label 2 • (Figure 1b ) was synthesized in six steps starting from N-benzylphtalimid with slight modification according to the synthesis reported by Haugland et al. [47] . In order to avoid handling the explosive diazotransfer reagent trifluoromethanesulfonyl azide, imidazole-1-sulfonyl azide hydrochloride was used following the protocol of . This led to a yield of 70% for the diazotransfer reaction as compared to the reported 87% for the trifluoromethanesulfonyl azide reaction [47] . Spin label 2 • was obtained as a yellow powder in an overall yield of 7%. Its identity and purity were confirmed by highperformance liquid chromatography, IR and EPR spectroscopy, as well as mass spectrometry ( Figure  S1 ). In the experimental high-resolution ESI (+) mass spectrum, a negligible amount of a species at 289.2023 m/z was detectable ( Figure S1a ), which was assigned to the corresponding hydroxylamine ( Figure S1c ) formed during the ESI measurement, because there was no additional peak in the HPLC analysis. Figure S2 . Experimental cw EPR spectrum of (a) A2 and (b) B2 overlaid with their double integral. e g-Tensor is given in the form (gxx, gyy, gzz). f The hyperfine coupling constants in liquid solution are given in the form (Aiso( 14 N), Aiso( 13 C), Aiso( 1 H)). g The A( 14 N) tensor at 100 K is given in the form (Axx, Ayy, Azz). Figure S3 . Experimental two-pulse ESEEM spectra of B2 at 50 K in dependence of the magnetic field. Table S4 . Parameters used for simulation of the field sweep spectrum in Figure S5 . 
cw EPR

2-Pulse ESEEM Measurements
PELDOR Measurements
was used to analyze the orientation selectivity. The configuration file contains three main blocks of information filled in by the user:
1. Instrumental parameters of the PELDOR experiment; 2. Spectroscopic parameters of the involved spins which were obtained by simulating the experimental Q-band spectrum with easySpin [60] ( Figure S5 ). The parameter from the fit are collected in Table S4; 3. The parameters of Table S5 were used as fitting parameters assuming rhombic magnetic tensors for the spins.
The program fits the orientation selective time traces by means of a genetic algorithm and yields the geometric parameters r, ξ, φ, α, β, and γ of a simplified geometric model ( Figure  S6 ) and their distributions. The genetic algorithm was set to a maximal number of generations of 200 and a generation size of 192. The geometric parameters are optimized within the ranges given in Table S5 until the corresponding RSMD reached a minimum. The results are given in Table S6 and S7 including the 16 symmetry-related sets of parameters due to the invariance of the gand A-tensor towards inversion of their axes. 
Stability Measurements under Reducing Conditions
DNA Sequence
The DNA strands 5′ GGG TGX CTG GTA CCC 3′ and 5′ A GGG TAC CAG ACA CCC A 3′ were purchased from metabion.
Spin Labeling Reaction
The spin labeling was conducted in the same way as the labeling of the RNA (see Section 3.1.2.). Afterwards, the DNA was purified through reverse-phase high-performance liquid chromatography with an Agilent 1200 Series HPLC System (Agilent Technology, Santa Clara, CA, USA ) in combination with a Zorbax 300SB-C18 (4.6 mm × 150 mm) column (Agilent Technologies, Santa Clara, CA, USA). As the eluent was a 0.1 M aqueous solution of triethylammonium acetate (VWR Applichem), an increasing percentage of acetonitrile (VWR Chemicals) (8% to 20% over 14 min, then up to 80% acetonitrile for 15 min) was used. 
DNA Sample Preparation
The labeled single DNA strand was mixed 1:1 with the unmodified DNA strand in phosphatebuffered saline solution (PBS; 137 mM sodium chloride (Carl Roth), 10 mM sodium hydrogen phosphate (Carl Roth), 2.7 mM potassium chloride (Carl Roth), 1.8 mM potassium dihydrogen
